Health risk in the offspring of female semiconductor workers
Ching-Chun Lin 1 , Jung-Der Wang 1,2,3,4 , Gong-Yih Hsieh 5 , Yu-Yin Chang 4 and Pau-Chung Chen 1, 4 Background There are no published studies focusing on adverse birth outcomes or infant mortality in the semiconductor industry.
Aim
To investigate whether female workers have higher risks of any adverse birth outcome or death from congenital malformation.
Methods
A total of 27 610 female workers had been employed in eight semiconductor companies in Taiwan between 1980 and 2000. Using the national birth registry, their live born children were identified, and then any deaths under 5 years of age with or without congenital malformations were identified by linking with the national death registry. Periconceptional exposure was defined as the mother having been employed in the semiconductor industry 3 months before and 3 months after conception of the live born infants.
Results
A total of 24 223 live births were included. No significant association between adverse birth outcomes or death with congenital malformation and maternal employment in semiconductor industry was found either in the period of 1980-94 or 1995-2000.
Introduction
The semiconductor industry is one of the most important worldwide high-technology industries. Many chemicals which were regularly used in the manufacturing have been reported or suspected to have reproductive toxicity. For example, ethylene glycol ethers which were associated with reproductive toxicity were widely used in the 1980s [1] . In our previous studies [2, 3] , we found that ethylene glycol ethers were still used in the semiconductor manufacturing industry of Taiwan. Previous research found that the female workers in semiconductor manufacturing have adverse reproductive health effects. They may have higher risk of having menstrual irregularity [2, 4] , prolonged time to pregnancy, diminished probability of conception [3, 5] or spontaneous abortion [6] [7] [8] [9] [10] [11] . To our knowledge, there are no studies focusing on adverse birth outcomes or infant mortality in children born to mothers employed in the semiconductor industry. Therefore, the objective of this study was to investigate whether female workers were at higher risk of any adverse birth outcome or death from congenital malformation.
Methods
A total of 27 610 female workers were employed at the eight major semiconductor companies in Taiwan Female workers who were employed at the semiconductor companies in the 3 months preceding and the 3 months after the conception of the live born children were classified as exposed, otherwise female workers were classified as non-exposed group. The date of conception was estimated as the date of birth minus the length of gestation plus 14 days. When length of gestation was not known, it was estimated as 40 weeks.
Low and high birth weights babies were those with birth weight ,2500 g and .4000 g, respectively. Preterm and post-term babies were defined as those born before 37 and after 42 completed weeks of gestation, respectively, as measured from the first day of the last menstrual period. Small and large gestational ages were defined as a birth weight below the 10th percentile and above the 90th percentile of gender-specific birth weight for gestational age [12] .
Underlying causes of deaths were classified according to ICD-9 into five groups: congenital malformations, perinatal causes (including prematurity, birth trauma and asphyxia, maternal conditions classified as fatal and non-infectious respiratory disorders), infectious disorders, malignant neoplasms, and other causes. The anomalies were further classified into two subgroups: heart and others.
Because the potential exposure to chemical agents may have been higher in earlier manufacturing processes, we divided the course of time into two periods: 1980 to 1994 and 1995 to 2000. Multiple logistic regression was used to estimate odds ratio and 95% confidence interval for adverse birth outcomes and causes of death in the live born children of the female workers according to their status of periconceptional exposure. The potential confounding variables included infant sex, maternal age, paternal education, parity and multiple birth. Statistical analysis was performed using the SAS software, release 8.0.
Results
Of the 24 223 live born children, 11 256 and 12 967 were born between 1980 and 1994 and between 1995 and 2000, respectively. Mothers in the exposed group were slightly older than those in the non-exposed group during the earlier time period. Mothers in exposed groups had a higher proportion with 'education .12 years' than those in non-exposed groups during each time periods (Table 1) . However, there were no statistically significant findings between exposed and non-exposed groups in either time period for vital status, infant sex, adverse birth outcomes and causes of death (Table 2 ). There were no significant differences between exposed and non-exposed mothers in each time period after adjusting for potential confounding factors (Table 3) .
Discussion
In our study, no significant association between adverse birth outcomes or death with congenital malformation and work in the semiconductor industry was found either in the period of 1980-94 or 1995-2000. Previous studies in the semiconductor industry have focused on irregular menstrual cycles [2] , subfertility [3, 5] and spontaneous abortion [6] [7] [8] [9] [10] [11] . Due to lack of data in the national registries on spontaneous abortion, stillbirth and congenital malformations, we used birth and death registries only and then evaluated adverse birth outcomes and deaths due to congenital malformations. Although the reasons for the negative results are unclear, adverse birth outcomes which may not be too specific to detect any exposure effect need to be considered. The small number of fatal congenital malformations whose mothers worked in the semiconductor industry during pregnancy is also worth mentioning in this study. Moreover, one might speculate that exposed pregnancies could cause infertility or increase spontaneous abortion that might reduce the occurrence of births. Thus, the exposure effects on adverse birth outcomes and fatal congenital malformations might be underestimated.
This reproductive health study may be subject to a selection bias inherent to such studies. Female workers with a poor obstetric history may quit their jobs or those in a privileged position may find it easy to combine motherhood and a career. The risk could thus be underestimated due to such healthy worker or privilege effects. Conversely, female workers who were infertile or those under financial pressure may remain at work. These infertile worker or desperation effects [13] would affect the risk in the other direction. Altogether, it would seem that no obvious selection bias existed in this study. This study has a number of potential limitations. First, due to lack of abortion and stillbirth registries, spontaneous abortion or stillbirth from congenital anomalies was not taken into account. Second, only severe congenital malformations could be identified from the death registry in this study, suggesting that non-fatal anomalies could have been neglected. Third, it is possible that the foetus with known congenital anomalies was electively terminated before birth due to the advanced prenatal diagnostic procedures available in early pregnancy. All the above would mean that the effects could be underestimated.
A further limitation in our study was the absence of adequate exposure measurements and difficulty in defining the critical exposure period. Female workers performing administrative tasks may have also been included in the study. However, there were consistent results after excluding 8% managers or office workers in the exposed groups obtained from the Ministry of the Interior database. Thus, the size of the misclassification bias in relation to fabrication could be overlooked. Secondly, we used an internal control comparison instead of general population to reduce the difference of lifestyle risk factors and tentatively presumed there were no noteworthy confounders such as parental smoking. Thirdly, under registration of neonatal death may underestimate the effect on causes of death but may not be a major impact on interpretation after the complete implementation of the revised birth registration system since October 1994 and the National Health Insurance programme since March 1995.
In conclusion, there was no convincing evidence that female workers employed during the periconceptional period in the semiconductor industry had higher risks of having adverse birth outcomes or death with congenital malformations. However, prospective research is warranted to confirm these negative findings.
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Key points
• There was no evidence that female workers employed during the periconceptional period in the semiconductor industry had higher risks of having adverse birth outcomes or death with congenital malformations. However, prospective research is warranted to confirm these negative findings. 
